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CRYSTAL MODIFICATION OF
MESOTRIONE

FIELD OF THE INVENTION

The invention relates to a polymorphic form of Mesotrione,
methods for 1ts preparation and uses thereof.

BACKGROUND OF THE INVENTION

Mesotrione (2-[4-(methylsulfonyl)-2-nitrobenzoyl]-1,3-
cyclohexanedione) 1s useful as selective herbicide and 1s
widely used for pre and post emergent control of broad leaved
weeds 1n maize.

Mesotrione
0O ? NO,
C
O
O S//
Y NCH;

Its basic synthesis 1s described 1n EP 186118.

International Publication Nos. W02006/021743 (PCT/
GB2005/003069) and WO2007/083242 (PCT/IB2007/
000198) describe the existence of two crystal modifications
of Mesotrione, Form 1 and Form 2.

Mesotrione exists in two polymorphic forms: the thermo-
dynamically stable form, referred to as Form 1; and the meta-
stable form, referred to as Form 2. Form 2 1s thermodynami-
cally unstable and would gradually convert to Form 1,
consequently any formulation prepared therefrom can lead to
instability problems during storage, or it can result in diffi-

culties during the application of the product in the field (WO
2007/083242; WO 2006/021743).

Form 1 1s currently the form used 1n preparing agrochemi-
cally acceptable formulations, but during the manufacturing
process, Form 2 1s readily made when mesotrione 1s recrys-
tallized 1n aqueous solution. Due to Form 2 being very fine, 1t
1s difficult to filter and production time 1s lost while trying to
remove 1t from the system. If the Form 2 material obtained
during recrystallization cannot be converted to Form 1, then 1t

must be disposed of, resulting 1n lost revenue and nefficient
production processes (WO 2007/083242; WO 2006/021743).

WO 2007/083242 and WO 2006/021°743 disclose a process

for selectively controlling the crystallization of thermody-
namically stable Form 1 or kinetically stable Form 2 poly-
morphs of mesotrione from an aqueous mesotrione solution.

It will be advantageous to have new polymorphic forms
having improved properties such as improved physical, and/
or chemical and/or biological and/or phytotoxic properties.

Herbicides are the most widely recognized cause of phy-
totoxicity. Phytotoxicity 1s an injury to plants caused by toxic
substances.

Improvements in weed control options such as improved
selectivity and consequently improved 1n crop yield are con-
tinuously 1n demand.

Thus, there 1s a widely recognized need and 1t will be
highly advantages to have an herbicidal compound having
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2

reduced phytotoxicity and therefore improved selectivity as
compared for example to other form of the compound, as
described 1n the invention.

SUMMARY OF THE INVENTION

The invention relates to a crystalline polymorph Form 3 of
2-[4-(methylsultfonyl)-2-nitrobenzoyl]-1,3-cyclohexanedi-
one (mesotrione) which exhibits at least one of the following
properties:

(a) an X-ray powder diflraction pattern having a character-
1stic peak expressed i 20 (x0.20°20) at 8.0, said peak 1s
characterized by having the highest intensity;

(b) an inirared (IR ) absorption spectrum having at least one

characteristic peak selected from the following values
expressed ascm™'(x1 cm™") at 732, 770, 793, 891, 967, 1121,
1152, 1291, 1304, and 2952;

(c) 1°C solid state NMR having at least one of the following
characteristics:

(1) °C solid state NMR chemical shifts, with reference to a
value of 176.03 ppm for the carbonyl peak of glycine,
having three peaks in the range 191 to 197 ppm (0.1
ppm);

(ii) °C solid state NMR, expressed as the difference
between the smallest value methylene carbon chemical
shift peak and the other chemical shift values, having
three peaks inthe range 171.4 to 177.4 ppm (0.1 ppm).

The invention further relates to a crystalline polymorph
Form 3 of 2-[4-(methylsulfonyl)-2-nitrobenzoyl]-1,3-cyclo-
hexanedione (mesotrione) which exhibits at least one of the
following properties:

(a) an X-ray powder diffraction pattern having a character-
1stic peak expressed in 20 (x0.20°20) at 8.0, said peak 1s
characterized by having the highest intensity;

(b) aninirared (IR) absorption spectrum having at least one

characteristic peak selected from the following values
expressedascm™ (x1 cm™')at 732,770,793, 891,967, 1121,

1152, 1291, 1304, and 2952;

(c) "°C solid state NMR having at least one of the following

characteristics:

(1) 1°C solid state NMR chemical shifts, with reference to a
value of 176.03 ppm for the carbonyl peak of glycine,
having peaks 1n the range 191 to 197 ppm (0.1 ppm),
comprising at least two peaks selected from the follow-
ing values 196.1, 192.6, and 192.0 ppm (x0.1 ppm);

(i1) °C solid state NMR, expressed as the difference
between the smallest value methylene carbon chemical
shift peak and the other chemical shift values, having
three peaks inthe range 171.4 to 177.4 ppm (0.1 ppm),
comprising at least two peaks selected from the follow-
ing values 176.5, 173.0, and 172.4 ppm (£0.1 ppm).

The invention additionally relates to crystalline Form 3 of

mesotrione characterized by the following solid-state '°C
nuclear magnetic resonance spectrum wherein chemaical shift
1s expressed 1n ppm (0.1 ppm) measured with a 5.0 kHz
spin-rate on a Bruker DM X-500 spectrometer, with reference
to a value of 176.03 ppm for the carbonyl peak of glycine

Assignment Chemical Shift
C—=0, C=C(OH) 196.1
C—=0, C=C(OH) 192.6
C—=0, C=C(OH) 192.0
aromatic quaternary carbon 145.9
aromatic quaternary carbon 142.4
aromatic quaternary carbon 140.2
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-continued
Assignment Chemical Shift
aromatic methine carbon 132.1
aromatic methine carbon 130.3
aromatic methine carbon 119.9
olefinic carbon alpha to carbonyl 113.1
methyl carbon 42.0
methylene carbon 36.1
methylene carbon 30.9
methylene carbon 19.6

Further, the invention relates to crystalline Form 3 of
mesotrione characterized by the following relative chemical
shift values compared to the smallest value methylene carbon
chemical shift signal measured in a solid-state **C nuclear
magnetic resonance spectrum wheremn chemical shift 1s
expressed m ppm (0.1 ppm) measured with a 5.0 kHz spin-
rate on a Bruker DMX-500 spectrometer:

Assignment Chemical Shift
C—0, C=C(OH) 176.5
C—0, C=C(OH) 173.0
C—0, C=C(OH) 172.4
aromatic quaternary carbon 126.3
aromatic quaternary carbon 122.8
aromatic quaternary carbon 120.6
aromatic methine carbon 112.5
aromatic methine carbon 110.7
aromatic methine carbon 100.3
olefinic carbon alpha to carbonyl 93.5
methyl carbon 22.4
methylene carbon 16.5
methylene carbon 11.3
methylene carbon 0.0

The invention additionally relates to a process for the
preparation of a crystalline polymorph Form 3 of 2-[4-(me-
thylsulfonyl)-2-nitrobenzoyl]-1,3-cyclohexanedione as
described in the invention, comprising:

(a) crystallizing Form 3 from an aqueous solution compris-
ing (1) an ammonium salt of 2-[4-(methylsulfonyl)-2-
nitrobenzoyl]-1,3-cyclohexanedione and (1) a polar
aprotic solvent selected from dimethylsulfoxide
(DMSO), N-methyl-2-pyrrolidone (NMP), dimethyl-
formamide (DMF), and mixtures of said solvents, by
acidification of said solution; and

(b) 1solating the resulting precipitate of Form 3.

Moreover the invention relates to a herbicidal composition
comprising a crystalline polymorph Form 3 of 2-[4-(methyl-
sulfonyl)-2-nitrobenzoyl]-1,3-cyclohexanedione as
described in the mvention; and an herbicidally acceptable
diluent or carrier.

Further the invention relates to a herbicidal composition as
described 1n the invention for use in weed control.

Still further the invention relates to use of a crystalline
polymorph Form 3 as described 1n the mnvention for the con-
trol of weeds.

Additionally the mmvention relates to a method for weed
control comprising applying to one or both the weeds and
their habitat an effective amount the crystalline polymorph
Form 3 as described in the invention.

BRIEF DESCRIPTION TO THE DRAWINGS

FI1G. 1 1s a FT-IR spectra of mesotrione Form 3.
FI1G. 2a-c 1s an overlaid F1-IR spectra of mesotrione Form
1,2, and 3. FIG. 24 1s an overlaid spectra of mesotrione Form

1, 2, and 3 in the range 600-1800 cm™".
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FIG. 26 1s an overlaid spectra of mesotrione Form 1, 2, and
3 in the range 600-800 cm™". FIG. 2¢ is an overlaid spectra of
mesotrione Form 1, 2, and 3 in the range 1300-1700 cm™".

FIG. 3 1s an X-ray powder diffractogram ol mesotrione
Form 3.

FIG. 4 1s an overlaid X-ray powder diffractogram of mesot-

rione Form 1, 2 and 3.
FIG.51is a C'°> NMR spectra of

FIG. 6 is a C"> NMR spectra of
FIG. 7 is a C"> NMR spectra of

Form 3.
Form 1.
Form 2.

mesotrione
mesotrione
mesotrione

DETAILED DESCRIPTION OF THE INVENTION

The iventors of the present application have unexpectedly
discovered a new crystalline Form 3 of Mesotrione, desig-
nated “Form 3. This crystalline form exhibit a spectral char-
acteristics as depicted by 1ts distinct X-Ray Powder Difirac-
tion (XRD), infrared (IR), and solid state C** NMR (nuclear
magnetic resonance) spectra.

Unexpectedly 1t has been found that new Form 3 of mesot-
rione exhibits low phytotoxicity when tested on crops as
compared to mesotrione form 1.

Such finding 1s highly advantageous since it provides an

improved selective treatment of the herbicide with reduced

damage to the crops.

In the followmg description, XRD, FT-IR, and '°C NMR
data are given for Mesotrione form 3. It should be appreciated
that the accuracy of the diffraction angles (20 (2 Theta) values
of peaks) 1s £0.2 degree (of 20), the accuracy of the F'I-IR
absorption band peak values is +1 cm™", and the accuracy of
the NMR peak values 1s £0.1 ppm.

When referring to the spectra or data presented in graphical
form (e.g., XRD, IR, and °C NMR spectra), unless otherwise
indicated, the term “peak™ refers to a peak or other special
teature that one skilled in the art would recognize as not
attributable to background noise.

Thus, according to one aspect of the mvention there 1s
provided a crystalline polymorph Form 3 of 2-[4-(methylsul-
tonyl)-2-nitrobenzoyl]-1,3-cyclohexanedione (mesotrione)
which exhibits at least one of the following properties:

(a) an X-ray powder diffraction pattern having a characteris-
tic peak expressed 1n 20 (x0.20°20) at 8.0, said peak 1s
characterized by having the highest intensity;

(b) an 1nfrared (IR) absorption spectrum having at least one

characteristic peak selected from the following values
expressed as cm™' (1 cm™') at 732, 770, 793, 891, 967,

1121, 1152, 1291, 1304, and 2952;

(¢) 1°C solid state NMR having at least one of the following
characteristics:

(1) 1°C solid state NMR chemical shifts, with reference to a
value of 176.03 ppm for the carbonyl peak of glycine,
having three peaks in the range 191 to 197 ppm (0.1
ppm);

(i1) °C solid state NMR, expressed as the difference
between the smallest value methylene carbon chemical
shift peak and the other chemical shiit values, having
three peaks in the range 171.4to 177.4 ppm (0.1 ppm).

According to another aspect of the invention there is pro-

vided a crystalline polymorph Form 3 of 2-[4-(methylsulio-

nyl)-2-nitrobenzoyl]-1,3-cyclohexanedione  (mesotrione)
which exhibits at least one of the following properties:

(a) an X-ray powder diffraction pattern having a characteris-
tic peak expressed in 20 (x0.20°20) at 8.0, said peak 1s
characterized by having the highest intensity;

(b) an 1nfrared (IR) absorption spectrum having at least one
characteristic peak selected from the following values
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expressed as cm™' (x1 cm™") at 732, 770, 793, 891, 967,

1121, 1152, 1291, 1304, and 2952;

(¢) 1°C solid state NMR having at least one of the following
characteristics:

(1) °C solid state NMR chemical shifts, with reference to a
value of 176.03 ppm for the carbonyl peak of glycine,
having peaks 1n the range 191 to 197 ppm (0.1 ppm),
comprising at least two peaks selected from the follow-

ing values 196.1, 192.6, and 192.0 ppm (£0.1 ppm);
(i) °C solid state NMR, expressed as the difference
between the smallest value methylene carbon chemical
shift peak and the other chemical shiit values, having
three peaks mntherange 171.4 to 177.4 ppm (0.1 ppm),
comprising at least two peaks selected from the follow-
ing values 176.5, 173.0, and 172.4 ppm (£0.1 ppm).

According to a specific embodiment the crystalline poly-
morph Form 3 of mesotrione exhibits at least the property in
item (a).

According to a specific embodiment the crystalline poly-
morph Form 3 of mesotrione exhibits at least the property in
item (b).

According to a specific embodiment the crystalline poly-
morph Form 3 of mesotrione exhibits at least the property in
item (c).

According to a specific embodiment the crystalline poly-
morph Form 3 of mesotrione exhibits at least two properties
selected from item (a), (b), and (c).

According to a specific embodiment the crystalline poly-
morph Form 3 of mesotrione exhibits two of the properties
recited above selected from 1tem (a), (b), and (c) (e.g. 1tems
(a) and (b); or 1tems (a) and (c); or items (b) and (c)).

According to a specific embodiment the crystalline poly-
morph Form 3 of mesotrione exhibits all three of the proper-
ties recited above 1n 1tems (a), (b), and (c).

Referring to item (c), the '°C solid state NMR have a
characteristic selected from 1tem (1) and 1tem (11). In a specific
embodiment the °C solid state NMR is characterized by
items (1) and (ii). In a specific embodiment the '°C solid state
NMR 1is characterized by item (1). In a specific embodiment
the °C solid state NMR is characterized by item (ii).

According to a specific embodiment the '°C solid state
NMR chemical shifts are measured with a 5.0 kHz spin-rate
on a Bruker DMX-300 spectrometer.

As used herein by “'°C solid state NMR chemical shifts,
with reference to a value 01 176.03 ppm for the carbonyl peak
of glycine” 1s meant that the NMR chemical shifts measure-
ments are calibrated by the 176.03 ppm carbonyl signal of
glycine alpha-polymorph as an external spectral reference.

The term “ppm” refers to parts per million.

According to a specific embodiment the three peaks, with
reference to a value of 176.03 ppm for the carbonyl peak of
glycine, are in the range 191.5 to 196.5 ppm (£0.1 ppm).

According to a more specific embodiment the three peaks,
with reference to a value o1 176.03 ppm for the carbonyl peak
of glycine, are in the range 191.8 to 196.5 ppm (x0.1 ppm).
According to even more specific embodiment the three peaks,
with reference to a value o1 176.03 ppm for the carbonyl peak
of glycine, are in the range 191.8 to 196.3 ppm (0.1 ppm).

According to some embodiments the three peaks, with
reference to a value of 176.03 ppm for the carbonyl peak of
glycine, have at least one peak selected from 196.1, 192.6,
and 192.0 ppm (0.1 ppm).

In some embodiments the at least one peak value 1s 196.1
ppm (0.1 ppm). In some embodiments the at least one peak
value 15 192.6 ppm (0.1 ppm). In some embodiments the at
least one peak value 1s 192.0 ppm (0.1 ppm).
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According to some embodiments the “>C solid state NMR
chemical shifts, with reference to a value of 176.03 ppm for

the carbonyl peak of glycine, have at least two peak values
selected from 196.1, 192.6, and 192.0 ppm (£0.1 ppm).

In some embodiments the at least two peak values are
196.1and 192.6 ppm (0.1 ppm). In some embodiments the at
least two peak values are 196.1 and 192.0 ppm (0.1 ppm). In
some embodiments the at least two peak values are 192.6 and
192.0 ppm (0.1 ppm). According to a specific embodiment
the °C solid state NMR chemical shifts, with reference to a
value o1 176.03 ppm for the carbonyl peak of glycine, have all

three of the values recited above (1.e. three peak values at
196.1, 192.6, and 192.0 ppm (£0.1 ppm)).

Form 3 can be readily distinguished by *°C solid state

NMR by the characteristic peaks in the region 191-197 ppm.
In this region Form 3 has 3 characteristic peaks.

In this region Form 1 has two peaks at 196.580and 195.366
ppm according to the information provided in WO 2006/
021743. Form 2 has one peak in this region at 195.275 accord-
ing to the mformation provided in WO 2006/021743.

Thus, Form 3 may be also distinguished from Form 1 and
2 by having at least two peak values selected from 196.1,
192.6, and 192.0 ppm.

According to some embodiments the >C solid state NMR
chemical shifts with reference to a value of 176.03 ppm for
the carbonyl peak of glycine further characterized by having

at least one additional peak expressed 1in ppm (£0.1 ppm),
selected from the following values at 1435.9, 142.4, 140.2,

132.1, 130.3, 119.9, 113.1, 42.0, 36.1, 30.9, and 19.6.

In some embodiments, the °C solid state NMR of mesot-
rione Form 3 1s characterized 1n that 1t has at least two of these

C solid state NMR peak values.

In some embodiments, the °C solid state NMR of mesot-

rione Form 3 1s characterized in that 1t has at least three of
these '°C solid state NMR peak values.

In some embodiments, the °C solid state NMR of mesot-

rione Form 3 1s characterized in that 1t has at least four of these
13C solid state NMR peak values.

In some embodiments, the *°C solid state NMR of mesot-

rione Form 3 1s characterized in that 1t has at least five of these
1C solid state NMR peak values.

In some embodiments, the °C solid state NMR of mesot-

rione Form 3 1s characterized in that it has at least six of these
13C solid state NMR peak values.

In some embodiments, the *°C solid state NMR of mesot-
rione Form 3 1s characterized in that 1t has at least seven of

these *°C solid state NMR peak values.

In some embodiments, the *°C solid state NMR of mesot-
rione Form 3 1s characterized in that 1t has at least eight of

these °C solid state NMR peak values.

In some embodiments, the *°C solid state NMR of mesot-
rione Form 3 1s characterized in that 1t has at least nine of these

C solid state NMR peak values.

In some embodiments, the *°C solid state NMR of mesot-
rione Form 3 1s characterized in that i1t has at least ten of these

(C solid state NMR peak values.

In some embodiments, the *°C solid state NMR of mesot-
rione Form 3 1s characterized in that 1t has all eleven of these

C solid state NMR peak values.

According to a specific embodiment *°C solid state NMR
chemical shiits, with reference to a value o1 176.03 ppm for
the carbonyl peak of glycine, expressed 1 ppm (0.1 ppm),
have the following peak values:
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Assignment Chemical Shift
C—0, C=C(OH) 196.1
C—0, C=C(OH) 192.6
C—0, C=C(OH) 192.0
aromatic quaternary carbon 145.9
aromatic quaternary carbon 142.4
aromatic quaternary carbon 140.2
aromatic methine carbon 132.1
aromatic methine carbon 130.3
aromatic methine carbon 119.9
olefinic carbon alpha to carbonyl 113.1
methyl carbon 42.0
methylene carbon 36.1
methylene carbon 30.9
methylene carbon 19.6

According to a specific embodiment the three peaks,
expressed as the diflerence between the smallest value meth-
ylene carbon chemical shift peak and the other chemaical shift
values, are 1n the range 171.9 to 176.9 ppm (£0.1 ppm).

According to a more specific embodiment the three peaks,
expressed as the difference between the smallest value meth-

ylene carbon chemical shift peak and the other chemaical shift
values, are 1n the range 172.2 to 176.9 ppm (0.1 ppm).
According to even more specific embodiment the three peaks,
expressed as the difference between the smallest value meth-
ylene carbon chemical shiit peak and the other chemical shift
values, are 1n the range 172.2 to 176.7 ppm (0.1 ppm).

According to some embodiments the three peaks,
expressed as the difference between the smallest value meth-
ylene carbon chemical shift peak and the other chemaical shift
values, have at least one peak selected from 176.5, 173.0, and
172.4 ppm (0.1 ppm).

In some embodiments the at least one peak value 1s 176.5
ppm (£0.1 ppm). In some embodiments the at least one peak
value 1s 173.0 ppm (0.1 ppm). In some embodiments the at
least one peak value 1s 172.4 ppm (0.1 ppm).

According to some embodiments the *C solid state NMR
chemical shifts, expressed as the difference between the
smallest value methylene carbon chemical shift peak and the
other chemical shift values, have at least two peak values
selected from 176.5, 173.0, and 172.4 ppm (£0.1 ppm).

In some embodiments the at least two peak values are 176.5
and 173.0 ppm (£0.1 ppm). In some embodiments the at least
two peakvaluesare 176.5and 172.4 ppm (0.1 ppm). In some
embodiments the at least two peak valuesare 173.0and 172.4
ppm (+0.1 ppm). According to a specific embodiment the *>C
solid state NMR chemical shiits, expressed as the difference
between the smallest value methylene carbon chemical shift
peak and the other chemical shift values, have all three of the
values recited above (1.e. three peak values at 176.5,173.0 and
172.4 ppm (0.1 ppm)).

According to some embodiments the '*C solid state NMR
expressed as the difference between the smallest value meth-
ylene carbon chemical shiit peak and the other chemical shift
values, 1s further characterized by having at least one addi-
tional chemical shift difference values selected from the fol-

lowing values at 126.3, 122.8, 120.6, 112.5, 110.7, 100.3,
03.5,22.4,16.5,11.3, and 0.0. ppm (x0.1 ppm).

In some embodiments, the *°C solid state NMR of mesot-
rione Form 3 1s characterized 1in that it has at least two of these
13C solid state NMR chemical shift difference values.

In some embodiments, the *°C solid state NMR of mesot-
rione Form 3 1s characterized in that 1t has at least three of
these *°C solid state NMR chemical shift difference values.

In some embodiments, the *°C solid state NMR of mesot-
rione Form 3 1s characterized in that 1t has at least four of these
13C solid state NMR chemical shift difference values.
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In some embodiments, the °C solid state NMR of mesot-
rione Form 3 1s characterized in that 1t has at least five of these
13C solid state NMR chemical shift difference values.

In some embodiments, the *°C solid state NMR of mesot-
rione Form 3 1s characterized in that it has at least six of these
13C solid state NMR chemical shift difference values.

In some embodiments, the °C solid state NMR of mesot-
rione Form 3 1s characterized in that 1t has at least seven of
these '°C solid state NMR chemical shift difference values.

In some embodiments, the *°C solid state NMR of mesot-
rione Form 3 1s characterized 1n that 1t has at least eight of
these *°C solid state NMR chemical shift difference values.

In some embodiments, the *°C solid state NMR of mesot-
rione Form 3 1s characterized in that 1t has at least nine of these
1°C solid state NMR chemical shift difference values.

In some embodiments, the *°C solid state NMR of mesot-
rione Form 3 1s characterized 1in that it has at least ten of these
13C solid state NMR chemical shift difference values.

In some embodiments, the °C solid state NMR of mesot-
rione Form 3 1s characterized 1in that 1t has all eleven of these
13C solid state NMR chemical shift difference values.

According to some embodiments the °C solid state NMR
expressed as the difference between the smallest value meth-
ylene carbon chemical shiit peak and the other chemical shift
values, 1s characterized by having the following peak differ-
ence values, expressed i ppm (£0.1 ppm):

Assignment Chemical Shift
C—=0, C=C(OH) 176.5
C—=0, C=C(OH) 173.0
C—=0, C=C(OH) 172.4
aromatic quaternary carbon 126.3
aromatic quaternary carbon 122.%8
aromatic quaternary carbon 120.6
aromatic methine carbon 112.5
aromatic methine carbon 110.7
aromatic methine carbon 100.3
olefinic carbon alpha to carbonyl 93.5
methyl carbon 22.4
methylene carbon 16.5
methylene carbon 11.3
methylene carbon 0.0

Form 3 can be readily distinguished by X-ray powder dii-
fraction from Form 1 and 2 by having a very strong peak
(having the highest intensity) at about 20=8.0. Forms 1 and 2
do not exhibit this feature.

According to a specific embodiment the X-ray powder
diffraction is recorded using Cu—Ka radiation (A=1.541 A).

According to a specific embodiment the X-ray powder
diffraction 1s recorded at room temperature.

As used herein the term “room temperature” refers to a
temperature in the range 20-25° C.

Referring to the X-ray powder diffraction data, as used
herein by the term *““a characteristic peak . . . at 8.0, said peak
1s characterized by having the highest intensity” means that
the peak at 20=8.0+0.20 has the largest peak intensity in a
given diffractogram.

In some embodiments the ratio between the peak having
the highest intensity and the peak having the second highest
intensity 1s above 2. In some embodiments the ratio between
the peak having the highest intensity and the peak having the
second highest intensity 1s above 3. In some embodiments the
ratio between the peak having the highest intensity and the
peak having the second highest imtensity 1s above 4. In some
embodiments the ratio between the peak having the highest
intensity and the peak having the second highest intensity 1s
above 3.
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The ratio between the peak having the highest intensity and
the peak having the second highest intensity may be for
example 1n the range 2 to 10; or 210 9; or 3 to 8; or 4 to 8; or
> 1o 8.

According to some embodiments the X-ray powder dif-

fraction pattern further characterized by having at least one
additional peak expressed in 20 (£0.20°20) selected from the
following values at 15.0, 19.6, and 27.9.

By “peak expressed mn 20 (x£0.20°20) selected from the
tollowing values at 15.0, 19.6, and 27.9” 1s meant a peak
selected from the following values at 15.0+0.20, 19.6+0.20,
and 27.9+£0.20°20.

According to some embodiments the X-ray powder dii-
fraction pattern further characterized by having at least one
additional peak expressed 1n 20 (£0.20°20) selected from the
tollowing values at 12.7 and 18 .4.

According to some embodiments the X-ray powder dif-
fraction pattern further characterized by having at least one
additional peak expressed in 20 (£0.20°20) selected from the
following values at 12.7, 15.0, 18.4, 19.6, and 27.9.

The X-ray powder diffraction pattern may be characterized
by having at least one additional peak, at least two additional
peaks, at least three additional peaks, at least four additional
peaks, at least five additional peaks from the values recited
above.

According to some embodiments the X-ray powder dif-
fraction pattern further characterized by having at least one
additional peak expressed 1n 20 (£0.20°20) selected from the
following values at 12.7, 15.0, 18.4, 19.6, 20.8, 22.6, 23.9,
and 27.4, and 27.9.

The X-ray powder diffraction pattern may be characterized
by having at least one additional peak, at least two additional
peaks, at least three additional peaks, etc. up to nine addi-
tional peaks from the values recited above.

According to another aspect of the invention there 1s pro-
vided a crystalline polymorph Form 3 of 2-[4-(methylsulio-
nyl)-2-nitrobenzoyl]-1,3-cyclohexanedione  (mesotrione)
which exhibits at least one of the following properties:

(a) an X-ray powder diffraction pattern having a character-
istic peak expressed i 20 (x0.20°20) at 8.0 (very
strong);

(b) an infrared (IR ) absorption spectrum having at least one
characteristic peak selected from the following values
expressed ascm™' (x1 cm™) at 732, 770, 793, 891, 967,
1121, 1152, 1291, 1304, and 2952;

(c) °C solid state NMR chemical shifts expressed relative
to glycine having three peaks in the range 191 to 197
ppm (x0.1 ppm).

In some embodiments the X-ray powder diffraction pattern

1s characterized by having (1) a peak expressed in 20
(£0.20°20) at 8.0 (very strong); and (1) at least one peak
expressed m 20 (x0.20°20) selected from the following val-
ues: 12.7 (weak), 15.0 (medium), 18.4 (medium), 19.6
(strong), 27.9 (medium).

In some embodiments the X-ray powder difiraction pattern
1s characterized by having (1) a peak expressed in 20
(£0.20°20) at 8.0 (very strong); and (11) at least one peak
expressed 1n 20 (£0.20°20) selected from the following val-
ues: 12.7 (weak), 15.0 (medium), 18.4 (medium), 19.6
(strong), 20.8(medium), 22.6 (medium), 23.9 (medium), and
2'7.4 (medium), and 27.9 (medium).

The X-ray powder diffraction pattern may be characterized
by having at least one additional peak, at least two additional
peaks, at least three additional peaks, etc. up to nine addi-
tional peaks from the values recited above 1n 1tem (11).

The term “relative intensity” as used herein refers to an
intensity value dertved from a sample X-ray difiraction pat-
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tern. The complete ordinate range scale for a diffraction pat-
tern 1s assigned a value of 100.

Relative intensity 1s calculated as a ratio of the peak inten-
sity of the peak of interest versus the peak intensity of the
largest peak.

A peak having intensity falling between above 23% to
100% on this scale intensity 1s termed very strong (vs); a peak
having mtensity falling between above 10% to 25% 1s termed
strong (s); a peak having intensity falling between above 3%
to 10% 1s termed medium (m); a peak having intensity falling
between above 1% to 3% 1s termed weak (w). Additional
weaker peaks may be present 1n typical difiraction patterns.

According to a certain aspect of the mvention the X-ray
powder diffraction 1s characterized by the following reflec-
tions quoted below as interplanar spacing d or as 20 values:

d=6.97 A 20 =12.7 + 0.20°
d=5.89 A 20 =15.0 £0.20°
d=4.83 A 20 = 18.4 + 0.20°
d=4.52 A 20 = 19.6 + 0.20°
d=3.20A 20 =27.9 + 0.20°

According to a specific embodiment the X-ray powder
diffraction 1s further characterized by at least one of the
following reflections quoted below as interplanar spacing d or
as 20 values:

The d values may deviate as much as 1% of the indicated
d values.

In some embodiments, the mesotrione Form 3 1s charac-
terized 1n that 1t has at least two of these 20 values or d values.

In some embodiments, the mesotrione Form 3 1s charac-
terized 1n that 1t has at least three of these 20 values or d
values.

In some embodiments, the mesotrione Form 3 1s charac-
terized 1n that 1t has at least four of these 20 values or d values.

In some embodiments, the mesotrione Form 3 1s charac-
terized 1n that 1t has at least five of these 20 values or d values.

As used herein the term “at least two of these 20 values”™
relates to any combination of at least two 20 values selected
from the above values. Similarly, the term “at least three of
these 20 values™ relates to any combination of at least three 20
values selected from the above values, etc.

In some embodiments mesotrione Form 3 have an X-ray
powder diffraction comprising at least the peaks recited
above having very strong and strong relative intensity (e.g.
peaks at 8.0 and 19.6). In some embodiments mesotrione
Form 3 have an X-ray powder diffraction comprising at least
the peaks recited above having very strong, strong, and
medium relative intensity (e.g. at 8.0, 15.0, 18.4, 19.6, and
2'7.9). According to certain embodiments mesotrione Form 3
have an X-ray powder diffraction comprising at least the

peaks recited above having very strong, strong, and medium
relative intensity (e.g. at8.0,15.0,18.4,19.6, 20.8,22.6,23.9,

and 27.4,and 27.9).

According to some embodiment the X-ray powder difirac-
tion 1s further characterized by at least one of the following
reflections quoted below as interplanar spacing d or as 20
values:

d=6.97 A 20 =12.7 +0.20°
d=5.89 A 20 = 15.0 + 0.20°
d=4.83 A 20 = 18.4 + 0.20°
d=4.52 A 20 = 19.6 + 0.20°
d=4.28 A 20 = 20.8 + 0.20°
d=3.93 A 20 =22.6 +0.20°
d=3.73 A 20 =23.9 + 0.20°
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d=3.25A 20 =274 + 0.20°
d=3.20 A 20 =27.9 = 0.20°

The d values may deviate as much as £1% of the indicated
d values.

In some embodiments, the mesotrione Form 3 1s charac-
terized 1n that 1t has at least two of these 20 values or d values.

In some embodiments, the mesotrione Form 3 1s charac-
terized 1n that 1t has at least three of these 20 values or d
values.

In some embodiments, the mesotrione Form 3 1s charac-
terized 1n that 1t has at least four of these 20 values or d values.

In some embodiments, the mesotrione Form 3 1s charac-
terized 1n that 1t has at least five of these 20 values or d values.

In some embodiments, the mesotrione Form 3 1s charac-
terized 1n that 1t has at least six of these 20 values or d values.

In some embodiments, the mesotrione Form 3 1s charac-
terized 1n that 1t has at least seven of these 20 values or d
values.

In some embodiments, the mesotrione Form 3 1s charac-

terized in that 1t has at least eight of these 20 values or d
values.

In some embodiments, the mesotrione Form 3 1s charac-
terized in that1thas at least nine of these 20 values or d values.

According to some embodiments the infrared absorption
spectrum 1s further characterized by having at least one addi-
tional peak selected from the following values expressed as
cm™' (x1 cm™') at: 814, 851, 1061, 1169, 1189, 1358, 1407,
1534, and 1675.

According to some embodiments the infrared absorption
spectrum 1s further characterized by having at least two addi-
tional peak values, at least three additional peak values, at
least four additional peak values, at least five additional peak
values, at least six additional peak values, at least seven
additional peak values, at least eight additional peak values,
or all nine additional peak values, selected from the values
recited above.

In some embodiments a solid form of mesotrione has a
phase purity of at least about 5% Form 3 mesotrione.

In some embodiments a solid form of mesotrione has a
phase purity of at least about 10% Form 3 mesotrione.

In some embodiments a solid form of mesotrione has a
phase purity of at least about 25% Form 3 mesotrione.

In some embodiments a solid form of mesotrione has a
phase purity of at least about 50% Form 3 mesotrione.

In some embodiments a solid form of mesotrione has a
phase purity of at least about 75% Form 3 mesotrione.

In some embodiments a solid form of mesotrione has a
phase purity of at least about 80% Form 3 mesotrione.

In some embodiments a solid form of mesotrione has a
phase purity of at least about 85% Form 3 mesotrione.

In some embodiments a solid form of mesotrione has a
phase purity of at least about 90% Form 3 mesotrione.

The term “phase purity” means the solid state purity of
mesotrione with regard to a particular crystalline or other
form of the mesotrione as determined by one or more of the
analytical methods e.g. described herein.

The percentage (%) values of the phase purity refer to w/w
(weight %).

In some embodiments the solid form of mesotrione 1s a
substantially phase pure form of mesotrione Form 3.

Asused herein, the term “substantially phase pure form™ or
“substantially pure”, when used in reference to mesotrione
Form 3, refers to mesotrione Form 3 which 1s equal or greater
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than about 80 weight % pure. This means that the mesotrione
Form 3 does not contain more than about 20 weight % of any
other compound and, in particular, does not contain more than
about 20 weight % of any other form of mesotrione. Prefer-
ably, the term “‘substantially pure”, when used 1n reference to
mesotrione Form 3, refers to mesotrione Form 3 which 1s
equal or greater than about 85 weight % pure. This means that
the mesotrione Form 3 does not contain more than about 15
weilght % of any other compound and, 1n particular, does not
contain more than about 15 weight % of any other form of
mesotrione. More preferably, the term “substantially pure”,
when used 1n reference to mesotrione Form 3, refers to mesot-
rione Form 3 which 1s equal or greater than about 90
weilght % pure. This means that the mesotrione Form 3 does
not contain more than about 10 weight % of any other com-
pound and, 1n particular, does not contain more than about 10
weight % of any other form of mesotrione.

Even more preferably, the term “substantially pure”, when
used 1n reference to mesotrione Form 3, refers to mesotrione
Form 3 which 1s equal or greater than about 95 weight % pure.
This means that the mesotrione Form 3 does not contain more
than about 5 weight % of any other compound and, 1n par-
ticular, does not contain more than about 5 weight % of any
other form of mesotrione. Even more preferably, the term
“substantially pure”, when used 1n reference to mesotrione
Form 3, refers to mesotrione Form 3 which 1s equal or greater
than about 97 weight % pure. This means that the mesotrione
Form 3 does not contain more than about 3 weight % of any
other compound and, in particular, does not contain more than
about 3 weight % of any other form of mesotrione.

In specific embodiments the term “‘substantially pure”
includes a form of mesotrione that 1s equal or greater than
about 98 weight %, 99 weight %, 99.5 weight %, or 99.8
weight % pure and also including equal to about 100
weight % pure.

According to a specific embodiment the polymorph Form
3 exhibits an infrared spectrum substantially as shown in FIG.

1.

According to a specific embodiment the polymorph Form
3 exhibits an X-ray powder diflraction pattern substantially as
shown 1n FIG. 3.

According to a specific embodiment the polymorph Form
3 exhibits a "°C NMR spectrum substantially as shown in
FIG. 5.

According to some embodiments mesotrione Form 3 may
be used 1n a mixture with other mesotrione forms (e.g. mesot-
rione Form 1, mesotrione Form 2, and a mixture thereot).

One of skill in the art will appreciate that the peak positions
(20) will show some inter-apparatus variability, typically as
much as +0.2°. Accordingly, where polymorphic forms are
described by characteristic X-ray powder diffraction peaks,
the peak positions (20) should be understood as encompass-
ing such variability. Similarly, where the solid forms of the
present invention are described as having an X-ray powder
diffraction pattern substantially as that shown 1n a given fig-
ure, the term “substantially as shown™ 1s intended to encom-
pass such inter-apparatus variability in diffraction peak posi-
tions. Further, one skilled in the art will appreciate that
relative peak intensities will show inter-apparatus variability
as well as vaniability due to degree of crystallinity, preferred
orientation, prepared sample surface, and other factors known
to those skilled 1n the art, and should be taken as qualitative
measures only.

Similarly, FT-IR spectra may show variability as much as
+] cm™'. 'C NMR spectra may show variability as much as
+0.1 ppm.
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According to another aspect of the invention there 1s pro-
vided a process for the preparation of a crystalline polymorph
Form 3 of 2-[4-(methylsulfonyl)-2-mtrobenzoyl]-1,3-cyclo-
hexanedione as described 1n the invention, comprising:

(a) crystallizing Form 3 from an aqueous solution compris-
ing (1) an ammonium salt of 2-[4-(methylsulifonyl)-2-
nitrobenzoyl]-1,3-cyclohexanedione and (1) a polar
aprotic solvent selected from dimethylsulioxide
(DMSO), N-methyl-2-pyrrolidone (NMP), dimethyl-
formamide (DMF), and mixtures of said solvents, by
acidification of said solution; and

(b) 1solating the resulting precipitate of Form 3.

According to a preferred embodiment the polar aprotic
solvent 1s dimethylsulfoxide (DMSQO).

In some embodiments the polar aprotic solvent comprises
at least DMSO.

In some embodiments the solvent 1s a mixture of (1)
DMSQO; and (1) NMP and/or DMF.

According to an embodiment of the mvention the crystal-
lization 1s performed at a pH below 6.

According to a preferred embodiment the pH 1s 1n the range
4.5-4 8.

Referring to step (a) in the process, according to a specific
embodiment the volume ratio of said polar aprotic solvent to
water 1n said aqueous solution 1s in the range 4:96 t0 20:80 v:v
(volume:volume) polar aprotic solvent:water. According to a
more specific embodiment the volume ratio of said aprotic
solvent to water 1s 1n the range 5:95 to 13:85 v:v polar aprotic
solvent:water. According to even more specific embodiment
the volume ratio of said polar aprotic solvent to water 1s in the
range 8:92 to 12:88 v:v polar aprotic solvent:water.

According to a specific embodiment, the process compris-
ng:

(a) preparing an aqueous solution including (1) mesotrione
ammonium salt; and (11) a polar aprotic solvent selected from
dimethylsulfoxide  (DMSO),  N-methyl-2-pyrrolidone
(NMP), dimethylformamide (DMF), and mixtures of said
solvents:

(b) effecting crystallization of mesotrione from the solu-
tion by acidification of said solution; and

(c) 1solating the resulting precipitate of Form 3.

According to a specific embodiment, mesotrione ammo-
nium salt 1s prepared by dissolving mesotrione being differ-
ent than Form 3 1n an aqueous solution by an addition of an
ammonium base.

In a specific embodiment the ammonium base 1s NH,OH.

The addition of the ammonium base leads to an ammonium
salt of mesotrione being formed, having high solubility. Pret-
erably, mesotrione 1s being fully solubilized and no mesotri-
one remains out of solution.

In certain embodiments the pH of the mesotrione aqueous
solution 1s increased to a pH of about 9.5-12, preferably about
10-11, and more preferably about 10.5-11 by the addition of
an ammonium base to form a mesotrione ammonium salt.

In some embodiments said effecting crystallization of
mesotrione from the solution 1s conducted by adjusting the
pH to a value below 6.

According to a preferred embodiment the pH 1s adjusted to
the range 4.5-4.8.

In a specific embodiment the mesotrione Form 3 1s obtain-
able by the process described 1n the invention.

Mesotrione Form 3 crystals crystallize 1n a form of larger
crystals as compared for example to Form 2 which 1s advan-
tageous as they can be conveniently filtered at the manufac-
turing plant and therefore easily handled.
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According to some embodiments the particle size of Form
3 are characterized by having a d(0.1) in the range 7-10
micrometer (micron).

As used herein the term “d(0.1)=7-10 micrometer” or
“d10=7-10 micrometer”, indicates that 10% by volume of the
particles size (1n diameter) 1s less than or equal to a value 1n

the range 7-10 micrometer.

The d(0.1) may be for example 7, 7.5, 8, 8.5, 9, 10
micrometer. The d(0.1) may be for example any intermediate
range between the above 1indicated values.

Particle size measurements are typically conducted by a
method such as laser diffraction.

Particle size measurements can be conducted on Malvern
Mastersizer 2000 instrument, using a laser diffraction
method.

In some embodiments, the process for preparation of
mesotrione Form 3 1s carried out 1n presence of crystals of
mesotrione Form 3 as described 1n the invention.

Thus, mesotrione Form 3 may be also prepared by seeding,
an aqueous solution comprising a dissolved mesotrione (e.g.
by preparing a salt of mesotrione such as a sodium or an
ammonium salt) with crystals of mesotrione Form 3 as
described in the invention, wherein mesotrione Form 3 1s
ultimately obtained.

Thus for example mesotrione Form 3 may be selectively
obtained using the process as described for example 1n
WO02007/083242 1incorporated herein by reference in 1ts
entirety, using mesotrione Form 3 as seed crystals instead of
mesotrione Form 1.

The process for obtaining mesotrione Form 3 may include:
selectively controlling the crystallization of the Form 3 poly-
morph of mesotrione from an aqueous mesotrione solution,
the process comprising using a semi-continuous or continu-
ous crystallization process, wherein the aqueous mesotrione
solution 1s itroduced to a crystallizer containing seed crys-
tals predominantly of Form 3 1n a semi-continuous or con-
tinuous manner, and wherein said Form 3 mesotrione 1s ulti-
mately obtained.

In some embodiments the pH of the mesotrione solution 1s
increased to apH o1 >9 (above 9), preferably prior to addition
to the crystallizer.

In some embodiments the mesotrione solution 1s added to
the crystallizer while maintaining the pH 1n the crystallizer at
4.0-6.0, more preferable 4.5-4.8.

In some embodiments the pH in the crystallizer 1s main-
tained by the addition of acid to the mesotrione solution.

The process for converting Form 1 or 2 mesotrione to Form
3 mesotrione, may comprise introducing a mesotrione salt
solution, obtained by dissolving Form 1 or 2 mesotrione 1n an
alkaline aqueous medium, to a crystallizer containing seed
crystals predominantly of Form 3 1n a semi-continuous or
continuous manner and wherein said Form 3 mesotrione 1s
ultimately obtained.

In some embodiments the pH of the solution of Form 1 or
2 mesotrione 1s increased to a pH of >9, preferably prior to
addition to the crystallizer.

In some embodiments the pH in the crystallizer 1s main-
tained by the addition of acid to the mesotrione solution.

Form 1 mesotrione may be obtained for example from
Syngenta Crop Protection, United States, under the trade
name Callisto.

Form 2 may be prepared for example according to the
process described in WO 2006/021743.

Mesotrione Form 3 may be used in the form of herbicidal
compositions 1.e. 1 association with compatible diluents or
carriers suitable for use 1n herbicidal compositions.
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Thus, according to a further aspect of the invention there 1s
provided a herbicidal composition comprising a crystalline
polymorph Form 3 of 2-[4-(methylsulfonyl)-2-nitroben-
zovyl]-1,3-cyclohexanedione as described i the invention;
and an herbicidally acceptable diluent or carrier.

The diluent or carrier may be for example a liquid, a solid
or a semi-solid carrier.

The term “herbicidal composition™ 1s used herein in a
broad sense, to include not only compositions which are
ready for use as herbicides but also concentrates which should
be diluted before use.

The term “herbicidally acceptable carrier” as used herein 1s
intended to include any material that facilitates application of
a composition of the ivention to the intended subject, which
may for example be a weed and/or a locus thereot, or that
facilitates storage, transport or handling. Carriers used 1n
compositions for application to weeds and/or locus thereof
are preferably non-phytotoxic or only mildly phytotoxic.
Most preferably the carrier 1s non-phytotoxic. A suitable car-
rier may be a solid, liquid, or semi-solid depending on the
desired formulation and are well known 1n the art. The term
“herbicidally acceptable carrier” covers also all adjuvants,
¢.g., mert components, dispersants, surfactants, tackifiers,
binders, etc., that are ordinarily used 1n herbicidal formula-
tion technology; these are well known to those skilled in
herbicidal formulation.

The herbicide (mesotrione Form 3) can generally be for-
mulated 1n a dosage form suitable for a purpose of use by for
example dissolving or dispersing in a proper liquid or semi-
solid carrier or mixing with or absorbing to a proper solid
carrier.

Thus, the herbicide may be mixed with one or more solid,
semi-solid, or liquid carriers and prepared by various means,
¢.g., by homogeneously mixing, blending and/or grinding the
herbicide with suitable carriers using conventional formula-
tion techniques. Such formulation can be further prepared as
needed by adding adjuvants, for instance, emulsifiers, dis-
persants, spreading agents, penetrating agents, wetting
agents, binders, thickeners, preservatives, antioxidants, colo-
rants or others according to a known method.

It may be desirable to incorporate one or more surface-
active agents ito the compositions of the present invention.
Such surface-active agents are advantageously employed 1n
both solid, semi-solid and liquid compositions, especially
those designed to be diluted with carrier before application.
The surface-active agents can be anionic, cationic or nonionic
in character and can be employed as emulsilying agents,
wetting agents, suspending agents, or for other purposes.

Other adjuvants commonly used in agricultural composi-
tions include for example antifoam agents, sequestering
agents, neutralizing agents, buffers, dyes, odorants, spreading
agents, sticking agents, dispersing agents, thickening agents,
freezing point depressants, antimicrobial agents, and the like,
may be used.

The compositions may also contain other compatible com-
ponents, for example, other herbicides, fertilizers, plant
growth regulants, fungicides, insecticides, and the like.

In practice, the herbicide may be applied as one or more
formulations (compositions) containing the various adju-
vants and carriers known to or used 1n the industry for facili-
tating application and eflicacy. The choice of formulation and
mode of application for a given compound may affect its
activity, and selection will be made accordingly. The herbi-
cide used 1n the invention (1.e. mesotrione Form 3) may thus
be formulated as granules, as microgranule, as wettable pow-
ders, as emulsifiable concentrates, as suspension concentrate,
as soluble concentrate, as powders or dusts, as tlowables, as
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solutions, as suspensions or emulsions, as controlled release
forms such as microcapsules, or others.

Suitable adjuvants or carriers should not be phytotoxic to
valuable crops, particularly at the concentrations employed in
applying the compositions for selective weed control 1n the
presence ol crops, and should not react chemically with the
mesotrione Form 3 or other composition ingredients. Such
mixtures can be designed for application directly to weeds or
their locus or can be concentrates or formulations that are
normally diluted with additional carriers before application.

These herbicidal composition of the present invention may
comprise for example from about 0.01% to about 99% by
weight, preferably from about 0.5 to about 90% by weight of
the active ingredient (mesotrione Form 3), based on the total
amount of the composition. The optimum amount for a given
compound will depend inter alia upon the type of composi-
tion, mode of application, application equipment, and nature
of the weeds to be controlled, etc.

Liquid compositions of the invention may be applied by
spraying, atomizing, watering, introduction into the 1irrigation
water, or any other suitable means for broadcasting or spread-
ing the liquud.

According to a specific embodiment the composition 1s for
use 1n weed control.

According to an additional aspect of the invention there 1s
provided use of a crystalline polymorph Form 3 of mesotrione
as described 1n the mvention for the control of weeds.

According to a further aspect of the invention there is
provided a method for weed control comprising applying to
one or both the weeds and their habitat an effective amount of
the crystalline polymorph Form 3 as described in the mnven-
tion.

As used herein the term “weed” refers to an unwanted plant
that 1s growing 1n a place or 1n a manner that 1s detrimental to
a plant of interest. As used herein the term “weed control”
means killing, damaging, or inhibiting the growth of the
weed. In a specific embodiment the term “weed control”
refers to significant damage, caused by the herbicide, to the
bulk of the weeds wherein said weeds are either dead or
dying, thereby not competing with crops for subsistence.

As used herein by the term “effective amount of the crys-
talline polymorph Form 3 1s meant an amount of mesotrione
Form 3 or composition comprising thereof which causes a
controlling or moditying effect upon the growth of weeds.
Such controlling or modifying effects include all deviations
from natural development such as killing, retardation, leaf
burn, bleaching, dwarfing, defoliation, stunting, and the like.
The weeds may be for example grasses or broadleal weeds.
The method of the invention mvolves applying the compo-
sition to the locus of the weeds where control 1s desired. The
term ‘“‘locus” 1s intended to include, but not limited to, soil,
seeds, and seedlings, as well as established vegetation. The
application may be post-emergent application or pre-emer-
gent application.

Thus, the method according to the invention involves
applying an effective amount of the mesotrione Form 3 as
described herein to an area of land comprising weeds and/or
in which pre-emergent control 1s desired.

The application of the herbicide may be for example to
weeds and/or locus thereof (such as soil) to control the ger-
mination or growth of the weed species.

The weeds may be 1n an area of land that also includes
plants or crops. In this instance, the herbicidal composition
may, depending on the crop, be applied to both the crops and
weeds to take advantage of the selectivity of the mesotrione
Form 3 for a plant to kill weeds without adversely effecting
Crops.
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Preferably, when applied to a crop-growing area, the rate of
application should be suificient to control the growth of
weeds without causing substantial permanent damage to the
Crop.

Mesotrione Form 3 can be used as a herbicide of agricul-
tural field such as field, lawn, orchard and the like and non-
agricultural field. Especially, 1t 1s suitable for herbicide 1n
field. In a specific embodiments, weeds can be controlled
without damage to crops by using the present compound in
agricultural field where crops such as corn, cranberry, blue-
berry, flax, pearl millet, asparagus, bluegrass, ryegrass, oats,
rhubrab, sorghum, sugarcane, and the like 1s growing.

In a specific embodiment mesotrione Form 3 1s useful for
selective control of weeds.

In a specific embodiment mesotrione Form 3 1s useful for
selective control of weeds 1n corn (e.g. 1n a field where corn 1s
growing).

Thus, mesotrione Form 3 can selectively control weeds,
while leaving other plants and crops relatively unharmed.

In a specific embodiment mesotrione Form 3 can be used as
a preemergence and postemergence herbicide for control of
broadleal weeds and grass weeds 1n field corn, production
seed corn, and corn grown for silage.

In some embodiments the weed 1s selected from the group
consisting of: Abutilon theophrasti, Amaranthus spp., Ama-
ranthus rudis, Ambrosia artemisiifolia, Ambrosia trifida,
Atriplex patula, Capsella bursa-pastoris, Chenopodium spp.,
Cirsium arvense, Datura stramonium, Fumaria officinalis,
(ralinsoga parviflora, Galium aparine, Helianthus annuus L.,
Ipomea hedervacea, Kochia scoparia, Lamium purpureum,
Matrvicaria chamomilla, Mercurialis annua, Polygonum
aviculare, Polygonum convolvulus, Polygonum lapathifo-
lium, Polyvgonum pensylvanicum, Polygonum persicaria,
Senecio vulgaris, Sinapis arvensis, Solanum nigrum, Stel-
laria media, Viola arvensis, Xanthium strumarium L., and a
combination thereof.

The amount of the herbicide used can vary within a sub-
stantial range. The optimum amount employed can be deter-
mined for the use 1n each case by series of tests. The rate of
application of the compositions of the invention will depend
on a number of factors including, the nature of the desired
cifect, the 1dentity of the weeds whose growth 1s to be con-
trolled, the formulations selected for use, whether the com-
pound 1s to be applied for pre-emergent or post-emergent
control, and other factors. It 1s well within an ordinary skill in
the art to determine the necessary amount of the active ingre-
dient.

As a general guide, however, an application rate of from

about 50 to about 500 g a.1./ha, 1n a specific embodiment from
about 75 to about 400 g a.1./ha, in a more specific embodiment
from about 200 to about 350 g a.1./ha, may be used. In some
embodiments the application rate may be from about 70 to
about 250 g a.1./ha. In some embodiments the application rate
may be from about 70 to about 150 g a.1./ha.
The compositions of the present invention may also be
applied 1n any concentration and application rate that will
cnable 1t to control the growth, propagation and pre-emer-
gence of weeds 1n an area of land.

As used herein the term ““a.1.” refers to active ingredient.

When applied to a crop-growing area, preferably the rate of
application should be suflicient to control the growth of
weeds without causing substantial permanent damage to the
Crop.

Mesotrione Form 3, according to the invention, can be
applied either before or aiter emergence of the plants. Mesot-
rione Form 3 can also be incorporated into the soil before
sOWIng.
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EXAMPLES

Analytical Methods
X-ray Powder Diflraction

Phase analysis of the Mesotrione samples was performed
by X-ray powder diffraction (XRD) method. The data were
collected on Philips 1030/70 powder diffractometer, with a
graphite monochromator on diffracted beam providing

Cu—Ka radiation (A=1.541 A) and operating at v=40 kV,
[=30 mA.

The typical 0-20 scanrange was 5-31°20 with a step size of
0.05° and a count time of 0.5 seconds per step. Scanning
speed was 6° per minute.

Samples were ground prior to measurement using an agate
mortar and pestle using light pressure.

The powder obtained was then pressed onto zero-back-

ground quartz 1n aluminum holder. Sample width: 1.5 cm,
length: 2 cm, thickness: 0.5 cm.

Samples were stored and run at room temperature.
FT-IR

Mesotrione samples were measured by a Fourier transform
inirared (F'I-IR) spectrophotometer ReactIR™ 1000 of Met-
tler Toledo Autochem (ATR method, MCT detector),
equipped with diamond window. Samples for 1R were held 1in
DuraSamplIR™ sampling device. The diamond sensor had a
standard focusing optic of ZnSe. Samples were prepared as
potassium bromide (KBr) discs.

The powdered samples were compressed 1n the sampling

device and were measured with resolution of 4 cm™~! and 256

scans.
PC NMR

All solid-state C NMR measurements were made at
ambient temperature with a Bruker DMX-500 125.76 MHz
spectrometer equipped with a BL-4 cp/mas probehead and
High Power/High Performance (HPHP) 1H and X-channel
preamplifiers for solids. High resolution spectra were
obtained using high power proton decoupling and cross-po-
larization (CP) with magic angle spinning (MAS) at 5.0 kHz.
The magic angle was adjusted using the Br signal of KBr by
detecting the side bands as described by Frye and Maciel
(Frye 1. S. and Maciel G. E., J Mag. Res. 1982, 48:123,
incorporated herein by reference in 1ts entirety). Magnet
shimming was performed on a sample of adamantane.
Approximately 100 mg of sample was packed into a 4 mm
diameter zirconia rotor for each experiment. Chemical shiits
were referenced to external glycine-alpha polymorph (carbo-
nyl signal at 176.03 ppm).

Example 1

A 500 ml reactor was charged with 25 g Mesotrione (Form
1 or 2), 300 ml water and 30 ml DMSO. Ammonium hydrox-
ide (10% solution, 35 g) was added to form the ammonium
salt of the compound, effectively, increasing the pH to 10.5
and forming a clear solution. Mesotrione was then precipi-
tated by slow addition of hydrochloric acid (5% solution, 130
o) reaching pH 4.6. The slurry obtained was filtered yielding
Mesotrione Form 3 as evidenced by the XRD, IR and '°C
NMR.

Example 2

A 500 ml reactor was charged with 25 g Mesotrione (Form
1 or 2) and 400 ml water. Sodium hydroxide (45% solution, 7
g) was added to form the sodium salt of the compound,
elfectively increasing the pH to 12.5 and forming a clear
solution. Form 3 seeds crystals were added to the solution and
Mesotrione was then precipitated by slow addition of hydro-
chloric acid (5% solution, 55 g) reaching pH 4.6. The slurry
obtained was filtered yielding Mesotrione Form 3 as evi-
denced by the XRD, IR and C'"NMR.

Table 1 lists the 2-theta, d-spacing and the intensities of the
peaks for mesotrione Form 3 as compared to mesotrione

Form 1 and 2.
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Chemical shifts (ppm) in the ep/mas *C NMR spectrum of Mesotrione

samples; Form 1; Form 2; and Form 3, as well as those of Form 1 and 2
from the International Patent Publication No. WO2006/021743 (WO "743).

WO
743
FORM
1

196.580
195.366
145.290
142.619
141.550
134.896
128.776
122.899
113.165
43.633
39.165
33.142
19.300

-0.46
PPMC)

196.12
194.91

144.83
142.16
141.09
134.44
128.32
122.44
112.71

43.17
38.71
32.68
18.84

FORM 1

SAMPLE 2

196.2
195.0
144 .8
142.2
141.1
134.5
128.3
122.5
112.7
43.1
38.7
32.7
18.9

WO

743
FORM  -0.46
PPMC®)
195.275 194.82
143.499 143.04
141.566 141.11
135.534 135.07
127.860 127.40
125917 125.46
113.386 112.92
43.639  43.18
37.228  36.77
31.886  31.43
19.937 19.48

FORM 2

FORM 3

SAMPLE SAMPLE

194.6

142.9

140.9
134.9
127.3
125.3
112.8

43.1
36.7
31.2
19.4

196.1
192.6
192.0
145.9
142.4
140.2
132.1
130.3
119.9

113.1

42.0
36.1
30.9
19.6

(*)systematic correction.

It 15 apparent that a different compound was used as the external spectral reference standard
in WO 743, since the peaks reported inthe WO 743 for form 1 and 2 have a systematic mean
difference of 0.46 ppm (estimated standard deviation of 0.10 ppm) farther from the *zero’
value 1n the spectra described herein. In the present invention we use the glycine carbonyl
resonance at 176.03 ppm as a spectral reference. However the compound used as a spectral
reference in WO 743 was not reported.

It 1s evident from the above 1dentification methods that the
Mesotrione obtained 1s a new distinct crystal polymorph,
different from the previously known Form 1 and Form 2.
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Form 1 Form 2 Form 3

2Th  d(A) I(counts) 2Th  d(A) [(counts) 2Th d(A) I{counts)
776 11.396 70 7.46 11.855 79 8.04 11.001 11850
845 10.465 466 8.08 10.945 43 10.34 8.557 295
10.44 8475 156 10.28 8.602 219 12.71 6.967 189
11.40 7.763 324 11.82 7.486 337 14.22 6.230 423
13.05 6. 784 472 14.14 6.264 R4 15.05 5.886 1006
14.32 6.1%6 TR 14.86 5.960 6% 15.36 5.769 752
15.30 5.790 592 15.94 5.559 1625 15.82 5.602 727
16.03 5.528 468 16.50 5.372 226 16.13 5.494 372
16.99 5.219 1334 16.99 5.217 582 17.39 5.099 107
17.35 5.111 2000 17.47 5.077 113 1R8.36 4.833 537
18.66 4755 434 19.00 4671 1831 18.70 4.746 852
19.00 4.672 056 20.30 4.373 992 19.64 4.519 1521
19.25 4611 546 20.55 4 322 1076 20.77 4277 Q78
19.45 4.563 422 21.82 4.074 187 21.15 4,201 2017
21.05 4.221 RO4 22.4% 3.955 1000 22.63 3.930 051
21.31 4.169 244 23.25 3.825 1287 23.8% 3.726 753
22.25 3.996 580 23.70 3.754 477 24.23 3.673 748
22.95 3.875 656 25.09 3.549 129 25.06 3.554 397
23.25 3.825 460 25.64 3.474 90 25.63 3.475 503
24.20 3.678 262 25.99 3.428% 76 27.07 3.294 332
24.60 3.619 1290 26.55 3.357 107 27.41 3.254 524
25.21 3.532 346 27.11 3.289 240 27.87 3.201 1040
25.63 3.475 396 27.53 3.240 242 28.45 3.137 453
25.90 3.440 188 28.59 3.123 580 29.15 3.063 190
26.65 3.345 366 29.53 3.025 280 2991 2.9%7 100
27.28 3.269 404 30.20 2.959 302 30.38 2.942 293
28.34 3.149 758 30.69 2.913 393
28.60 3.121 734 31.19 2.867 28R
29.40 3.03% 174 31.52 2.839 530
30.02 2.976 222 32.49 2.756 244
30.91 2.893 144 33.13 2.704 R6
34.37 2.609 294
34.86 2.574 191

35
TABIE 2 Example 3
'C NMR spectra Selectivity Pot Trials with Mesotrione 100SC

Formulations

The selectivity of two Mesotrione 100SC (containing 100
g/l mesotrione) formulations was compared for two crystal
modifications (1 and 3).

Methods:
Two suspension

concentrate formulations of Mesotrione

were prepared using the following recipe: Mesotrione 103 g,

cthylene oxide propylene oxide block copolymer 33g,
cthoxylated fatty acid 6 g, propylene glycol 60 g, ethoxylated

castor o1l (Emulsogen EL 360 [Clarniant]) 220 g, Kelzan ASX
(Xanthan gum) [CP Kelco, US., Inc., Atlanta, Calif., US] 1.4
g, Proxel GXL (preservative) [Arch UK Biocides Ltd.] 0.7 g,

silicone antifoam 2

g and water 634 g.

All the mgredients, except Emulsogen ELL 360 and the
Kelzan blend (Kelzan ASX +Proxel GXL+water) were mixed
together. When homogenous they were milled 1n a bead muall.

A

fter milling, the

“mulsogen EL 360 was mixed into the

formulation followed by the Kelzan blend.
The first formulation was prepared using Mesotrione form
1 while the second was prepared using Mesotrione Form 3.
3500 ml of the suspension concentrate formulations (me-
sotrione 100SC) were diluted with water to a volume of 200

L.

The test was performed on three corn varieties. The comn
varieties were sown 1n plastic pots (400 cc) filled with heavy
so1l. Each treatment was sprayed 1n 5 replicates. The trial was
performed 1n a glasshouse with controlled temperature (20-

30°).
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Post emergence spraying was performed two weeks after
sowing. The trials were sprayed with a mechanical sprayer,
with a spray volume of 200 L/ha (equivalent to 3500 ml/ha
mesotrione 100SC). The plants were 1rrigated 24 H (hours)
alter spraying. Selectivity evaluations were conducted during
the trial according to the following scale:
0=Crop completely dead (necrotic).
100=Plants without any phytotoxic damage.

In the table below “control” refers to non treated corn
varieties.

TABL

(L]

3

Corn varieties and their growth stage during the spraving

Crop variety No. Leaves Height cm

Popcorn var. 630 3-4 20-25

Forage Corn var. 32p75 3-4 20-25

Forage Corn var. Simon 3-4 20-25
TABLE 4

Formulation selectivity in Forage corn 32P75

Forage Corn var. 32P75

Development
Rate Davs After Application
Treatment ml/ ha 3 7 15 22
Control — 100 100 100 100
Mesotrione form 1 3500 50 85 95 100
Mesotrione form 3 3500 75 95 100 100
TABLE 5

Formulation selectivity in Forage corn 'Simon'

Rate Forage Corn var. Simon Development
ml/ Davs After Application
Treatment ha 3 7 15 22
Control — 100 100 100 100
Mesotrione form 1 3500 60 80 9% 100
Mesotrione form 3 3500 90 08 100 100
TABLE 6

Formulation selectivity in Popcorn '630'

Rate Sweet Corn var. Popcorn Development

ml/ Davs After Application
Treatment ha 3 7 15 22
Control — 100 100 100 100
Mesotrione form 1 3500 40 30 30 60
Mesotrione form 3 3500 75 85 98 100

In Tables 4-6, the rate 3500 ml/ha refers to the suspension
concentrate (mesotrione 100SC) formulation.
Results:

The trials show that the Form 3 crystal results 1n a formu-
lation exhibiting decreased phytotoxicity and therefore safer
to the corn varieties tested 1n this trial at the rate o1 3500 ml/ha

(equivalent to 350¢g a.1./ha).
While this invention has been shown and described with
reference to preferred embodiments thereot, 1t will be under-
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stood by those skilled in the art that many alternatives, modi-
fications and varnations may be made thereto without depart-
ing from the spirit and scope of the invention. Accordingly, 1t
1s intended to embrace all such alternatives, modifications
and variations that fall within the spirit and broad scope of the
appended claims.

It 1s appreciated that features from different embodiments
described 1n the invention can be combined.

It should be understood that the individual features
described heremabove can be combined 1n all possible com-
binations and sub-combinations to produce additional
embodiments and aspects of the invention.

All publications, patents and patent applications men-
tioned 1n this specification are herein incorporated 1n their
entirety by reference into the specification, to the same extent
as 11 each 1individual publication, patent or patent application
was specifically and individually indicated to be incorporated
herein by reference.

What 1s claimed 1s:

1. A crystalline polymorph of 2-[4-(methylsulfonyl)-2-ni-
trobenzoyl]-1,3-cyclohexanedione which exhibits at least
one of the following properties:

(a) an X-ray powder diffraction pattern having a character-
1stic peak expressed 1n 20 (£0.20°20) at 8.0, said peak 1s
characterized by having the highest intensity in the dif-
fraction pattern;

(b) an infrared absorption spectrum having at least one
characteristic peak with a value expressed as cm-1 (4/-
cm-1) selected from the group consisting of 732, 770,
793, 891,967, 1121, 1152, 1291, 1304, and 2952;

(c) 1°C solid state NMR having at least one of the following
characteristics:

(1) "°C solid state NMR chemical shifts, with reference to a
value of 176.03 ppm for the carbonyl peak of glycine,
having three peaks in the range 191 to 197 ppm (0.1
ppm);

(i1) °C solid state NMR, expressed as the difference
between the smallest value methylene carbon chemical
shift peak and the other chemical shift values, having
three peaks in therange 171.4 to 177.4 ppm (0.1 ppm).

2. A crystalline polymorph of 2-[4-(methylsultonyl)-2-ni1-
trobenzoyl]-1,3-cyclohexanedione which exhibits at least
one of the following properties:

(a) an X-ray powder diffraction pattern having a character-
1stic peak expressed 1n 20 (£0.20°20) at 8.0, said peak 1s
characterized by having the highest intensity in the dii-
fraction pattern;

(b) aninirared (IR) absorption spectrum having at least one
characteristic peak with a value expressed as cm-1 (+/—
cm-1) selected from the group consisting of 732, 770,
793, 891,967, 1121, 1152, 1291, 1304, and 2952;

(¢) 1°C solid state NMR having at least one of the following
characteristics:

(1) 1°C solid state NMR chemical shifts, with reference to a
value of 176.03 ppm for the carbonyl peak of glycine,
having three peaks 1n the range 191 to 197 ppm (£0.1

ppm), comprising at least two peaks selected from the

following values 196.1, 192.6, and 192.0 ppm (0.1
ppm);

(i1) °C solid state NMR, expressed as the difference
between the smallest value methylene carbon chemical
shift peak and the other chemical shift values, having
three peaks inthe range 171.4 to 177.4 ppm (0.1 ppm),
comprising at least two peaks selected from the follow-
ing values 176.5, 173.0, and 172.4 ppm (£0.1 ppm).

3. The crystalline polymorph of claim 1, wherein said '°C

solid state NMR chemical shifts, with reference to a value of
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176.03 ppm for the carbonyl peak of glycine, have atleast one
peak selected from 196.1, 192.6, and 192.0 ppm (£0.1 ppm).

4. The crystalline polymorph of claim 3, wherein said *°C
solid state NMR chemical shifts, with reference to a value of

176.03 ppm for the carbonyl peak of glycine, have at least two
peak values selected from 196.1, 192.6, and 192.0 ppm (0.1

ppm).

5. The crystalline polymorph of claim 1, wherein said '°C
solid state NMR chemical shifts, with reference to a value of
1’76.03 ppm for the carbonyl peak of glycine, have all three of
the peak values of 196.1, 192.6, and 192.0 ppm (£0.1 ppm).

6. The crystalline polymorph of claim 1, wherein the '°C

solid state NMR chemical shifts, with reference to a value of
1'76.03 ppm for the carbonyl peak of glycine, further charac-
terized by having at least one additional peak expressed in
ppm (£0.1 ppm), selected from the following values at 145.9,

142.4,140.2,132.1,130.3,119.9,113.1,42.0,36.1,30.9, and
19.6.

7. The crystalline polymorph of claim 1, wherein the X-ray
powder diffraction pattern 1s further characterized by having,
at least one additional peak expressed i 20 (£0.20°20)
selected from the following values at 15.0, 19.6, and 27.9.

8. The crystalline polymorph of claim 1 wherein the X-ray
powder diffraction pattern 1s further characterized by having,
at least one additional peak expressed in 20 (x0.20°20)
selected from the following values at 12.7 and 18.4.

9. The crystalline polymorph of claim 1, wherein the infra-
red absorption spectrum 1s further characterized by having at
least one characteristic peak with a value expressed as cm-1
(+/—cm-1) selected from the group consisting of 814, 851,
1061, 1169, 1189, 1358, 1407, 1534, and 1675.

10. The crystalline polymorph according to claim 1,
wherein the polymorph exhibits an X-ray powder difiraction
pattern as shown in FIG. 3.
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11. The crystalline polymorph according to claim 1,
wherein the polymorph exhibits an infrared spectrum as
shown 1n FIG. 1.

12. The crystalline polymorph according to claim 1,
wherein the polymorph exhibits a '°C NMR spectrum as
shown 1n FIG. 5.

13. A process for the preparation of a crystalline poly-
morph of 2-[4-(methylsulfonyl)-2-nitrobenzoyl]-1,3-cyclo-
hexanedione according to claim 1, comprising:

(a) crystallizing the crystalline polymorph from an aque-
ous solution comprising (1) an ammonium salt of 2-[4-
(methylsulfonyl)-2-nitrobenzoyl]-1,3-cyclohexanedi-
one and (11) a polar aprotic solvent selected from
dimethylsulfoxide, N-methyl-2-pyrrolidone, dimethyl-
formamide, and mixtures of said solvents, by acidifica-
tion of said solution; and

(b) 1solating the resulting precipitate of the crystalline
polymorph.

14. The process of claim 13, wherein the solvent 1s dim-

cthylsulfoxide.

15. The process of claim 13, wherein said crystallization 1s
performed at a pH below 6.

16. The process of claim 15, wherein said pH 1s in the range
4.5-4 8.

17. A herbicidal composition comprising a solid crystalline
polymorph of 2-[4-(methylsulfonyl)-2-nitrobenzoyl]-1,3-cy-
clohexanedione according to claim 1; and a herbicidally
acceptable diluent or carrier.

18. A method for weed control comprising applying to one
or both of the weeds and their habitat an effective amount of
the crystalline polymorph according to claim 1.
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